Abstract. Sequencing of SSU rDNA showed that actinospores of the tetractinomyxon type, which develop in Chone infundibuliformis Krøyer (Annelida, Polychaeta, Sabellidae) from the northern Øresund, Denmark, are identical with Ceratomyxa auerbachi
MATERIALS AND METHODS
The polychaete Chone infundibuliformis Krøyer, 1856 (Annelida, Sabellidae), 4-7 cm long without the tentacle crown, was dredged at 20 m in the northern Øresund, in August 2007. Smears of different parts of the worm were examined. Specimens of the Atlantic herring Clupea harengus L. were dredged in the Øresund, Denmark, at 25 m depths in August 2004, and examined immediately upon capture. Pieces of infected C. infundibuliformis and the gallbladder of infected herring were fixed in 100% ethanol. DNA was extracted from two pieces of infected tissue per host type (duplicate DNA samples) using the DNeasy ® Tissue Kit protocol for animal tissues (Qiagen, Hilden, Germany). The PCR primers used were the forward primers Erib1, MarF1 and MyxF2, and the reverse primer Myxgen4r (Barta et al. 1997 , Kent et al. 2000 , Nylund et al. 2005 , Køie et al. 2007a ) with the addition of two new reverse primers MybiR (5'AAT TTC ACC TCT CGC GGC AA) and RosR2 (5'ATC CTT CCG CAG GTT CAC CTA CGG). The PCR amplifications were performed in a total volume of 50 µl using 2 µl of template DNA and a reaction mixture consisting of 5 µl 10 × PCR buffer (NE Biolabs), 5 µl 10 mM dNTP, 2 µl (10 mM) of the reverse and forward primer, 2 U of thermostable DNA polymerase (Qiagen) and 34 µl dH 2 O. The PCR conditions were as follows: after an initial 5 min denaturation step at 95°C, samples were taken through 40 amplification cycles, each consisting of a 30 sec denaturation step at 94ºC, a 30 sec primer annealing step at a temperature dependent of the primer combination used, and a 1 min and 30 sec extension step at 72ºC. A prolonged extension step of 10 min at 72ºC completed each reaction. Usually, the annealing temperature of the combinations MyxF2/Myxgen4r, MarF1/ RosR2 and Erib1/MybiR was set to 58°C. The PCR products were purified on Qia-quick PCR Purification columns (Qiagen) and then sequenced using the BigDye Terminator Sequencing kit. Sequencing (direct) was done using the amplification primers described above. The sequence data were assembled with the Vector NTI Advance TM 10.3 software (Invitrogen, Carlsbad, CA) and GenBank searches were done with BLAST (2.0). Alignments were done with Clustal_W (Vector NTI).
The phylogenetic position of C. auerbachi was examined with an alignment of other Ceratomyxa spp. and other selected members of the 'marine clade' (Fiala 2006) based on BLAST searches. Alignments from AlignX (Vector NTI) were manually edited in Genedoc; hypervariable or ambiguous regions were deleted from the alignment to ensure comparison of homologous positions. Phylogenetic analysis on the data sets were performed with Paup* (4.0b10) (Maximum likelihood [ML] , bootstrapped 100 replicates), TreePuzzle (5.0) (ML, quartet puzzling algorithm, 10,000 replicates). The Paup maximum likelihood analysis used a heuristic search algorithm with 10 random sequence additions and TBR branch swapping. A General time reversible gamma+ pinvar (GTR+Γ+I) model of nucleotide substitution with a 6 category gamma distribution was used following the examination of the data set with the program Modeltest (Posada and Crandall 1998). Phylogenetic trees were drawn using TreeView. FOLIA PARASITOLOGICA 55: 100-104, 2008 
RESULTS
Two of 25 specimens of Chone infundibuliformis were infected with pansporocysts and actinospores (Figs. 1, 2,  6 ). Both developmental and mature stages were found free in the coelomic fluid in the abdominal segments of the polychaete. Both infected polychaetes were mature males. Most pansporocysts with eight actinospores. Most pansporocysts 20 (19-21) µm long and 12 (11-13) µm wide (n = 10), with a weak constriction (Figs. 1, 6 ). All actinospores (Figs. 1-6) in same pansporocysts at same level of development. Fully developed actinospores spherical to slightly ellipsoidal, 6.7 (6.3-7.2) µm in length and 5.9 (5.4-6.3) µm in diameter (n = 20). Three identical spherical polar capsules 2.0 (1.8-2.3) µm in diameter. Polar filaments 13 (11-15) µm long (Fig. 5 ). Three valve cell nuclei seen as small knobs on surface of young spores (Fig. 2) . Nuclei not seen in older thick-walled, slightly smaller and often somewhat angular spores. Sinuous crests on spore surface probably indicate suture line of valve cells . Sporoplasm binucleate (Fig. 3) . Mature spores did not change size or shape when kept for two days in seawater at 10ºC. Kabata, 1962 was found in two of 10 examined specimens of Clupea harengus from the northern Øresund, Denmark, and in one of six from the Bergen area and two of six from Storfjorden, Norway.
Ceratomyxa auerbachi
Three partial 18S rDNA sequences of Ceratomyxa auerbachi were obtained from each of two infected herring from Øresund, Denmark (isolates 'CAug04' EU616731 1,596 nt and 'Cau07' EU616730 1,733 nt), and one from Storfjorden, Norway (isolate Si2GB EU616732 1,778 nt). These did not differ over 1,596 nt aligned. Partial myxosporean sequences were also obtained from two pieces of a single tetractinomyxon-infected Chone infundibuliformis (isolate 'Chon', EU616733 1,743 nt) and one piece of a second tetractinomyxon-infected C. infundibuliformis (isolate 'NyChon', EU616734 1,762 nt). These were identical over 1,743 nt aligned, and also identical to CAug04 and Cau07 (1,596 and 1,733 nt compared). Based on the complete identity of the Ceratomyxa auerbachi sequences from C. harengus with the tetractinomyxon sequences from C. infundibuliformis, these are considered different developmental stages of the same species. Fig. 6 shows a schematic diagram of the life cycle of Ceratomyxa auerbachi.
The most similar SSU rDNA sequence in GenBank to C. auerbachi is that of Ceratomyxa sp. (DQ333430), a parasite of the marine fish Siganus rivulatus in Israel. Phy-
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Ceratomyxa sp. ex Variola DQ333432 logenetic analyses place C. auerbachi robustly in a clade dominated by Ceratomyxa spp. from Mediterranean and Red Sea perciform fishes (Fig. 7 ). An exception is Ceratomyxa sp. from Lophius litulon in Japan (DQ301510), which in preliminary analyses showed a variable position in the Ceratomyxa clade, and also shows insertions/deletions in its SSU sequence not shared with other members of the clade. Ceratomyxa shasta is not a member of the Ceratomyxa clade.
Tetractinomyxon ex Chone infundibuliformis
DISCUSSION
Ceratomyxa auerbachi has a broad distribution in the northern hemisphere. It was described from the northern North Sea and the west coast of Scotland (Kabata 1962).
The spores found by Kabata (1962) were similar to those found in Clupea harengus from the coastal area near Bergen by Auerbach (1909) . Auerbach (1909) temporarily identified his specimens as Ceratomyxa sphaerulosa Thé-lohan, 1892, which originally was described from elasmobranchs. Ceratomyxa orientalis (Dogiel, 1948) and Ceratomyxa acadiensis Mavor, 1915 from C. harengus and White Sea herring Clupea pallasi marisalbi Berg may represent misidentifications of C. auerbachi, which appears to be the only species of Ceratomyxa in the gallbladder of Clupea harengus (MacKenzie 1987 , Tolonen and Karlsbakk 2003 , Rahimian 2007 . Tolonen and Karlsbakk (2003) found C. auerbachi in herring from the wintering areas in fjords in Northern Norway, but did not find it in offshore oceanic nursery and feeding areas. Shulman and Shulman-Albova (1953) found C. auerbachi (as C. orientalis) in 7-33% of White Sea herring. Ceratomyxa auerbachi was found in Pacific herring C. pallasi Valenciennes from the Pacific coast of North America (Arthur and Arai 1980a) and in three bays in central California (Moser and Hsieh 1992) . It was found in all size groups of C. harengus from the Gulf of St. Lawrence area, eastern Canada (McGladdery and Burt 1985) . Rahimian (2007) found that 15% of fingerling herring, 4-11 cm in length, from western Sweden were infected with C. auerbachi. The prevalence increased to 98% after 2 weeks in tanks supplied with filtered seawater. The prevalence remained at this level for the 24 months stay in the tanks (Rahimian 2007) . According to Rahimian (2007) , these observations suggest a direct life cycle for C. auerbachi. However, our findings indicate that the invertebrate host Chone infundibuliformis lives close to the tanks and that the filters did not retain the small actinospores.
The subspherical actinospores of C. auerbachi most closely resemble the actinospores found in Spirorbis spp. and Manayunkia speciosa (Køie 2002 , Bartholomew et al. 2006 . They differ from all known tetractinomyxon actinospores by the external ridges. These actinospores probably enter the environment through the polychaete gonopores. They probably enter the fish host through the mouth or gills, as it is unlikely that the small actinospores may attach to the external surface of a swimming herring.
Chone infundibuliformis has been recorded from the Arctic, the north Pacific, the north Atlantic, the northern North Sea, the Skagerrak, Kattegat, Øresund and western Baltic (Hartmann-Schröder 1996) . The distribution of Ceratomyxa auerbachi in herring coincides with the distribution of C. infundibuliformis. This may indicate that C. infundibuliformis probably is the only invertebrate host, even though it may not be excluded that related polychaetes may act as invertebrate hosts for Ceratomyxa auerbachi. No other sabellid polychaete in the Øresund has been found infected with actinospores. Chone infundibuliformis has been recorded from shallow water down to a depth of 3,500 m (Hartmann-Schröder 1996) . The infected specimens of C. infundibuliformis were found at 20 m in the Øresund. It is most likely that the actinospores infect herring in shallow water. The actinospores are unlikely to infect herring in offshore oceanic areas as also verified by the negative findings of C. auerbachi in herring caught over great depths (Tolonen and Karlsbakk 2003) .
Herring parasites, including myxozoans, have been suggested as biological indicators or biological tags. However, Ceratomyxa auerbachi was found unsuitable as bioindicator, even though it was earlier believed to have a direct life cycle (Arthur and Arai 1980b , McGladdery and Burt 1985 , MacKenzie 1987 , Moser and Hsieh 1992 . With the present knowledge, Ceratomyxa auerbachi may be used as biological tag if C. infundibuliformis is the only invertebrate host, and if the geographical distribution of C. infundibuliformis is known.
As is the case with many myxosporean genera, Ceratomyxa is polyphyletic and needs revision (Fiala 2006 , Holzer et al. 2007 ). The interpretation of the implications from the SSU rDNA phylogenies of Ceratomyxa spp. on the systematics of these myxosporeans is hampered by the lack of sequence information for the type species, Ceratomyxa arcuata Thélohan, 1892 and the related genera Leptotheca Thélohan, 1892 and Alatospora Shulman, Kovaleva et Dubinina, 1979 . Furthermore, sequence information is only available for 4 of the more than 160 nominal species.
Even though five actinosporean stages have been found in polychaetes in the Øresund, Denmark, only three have been paired with a fish host (Køie et al. 2004 (Køie et al. , 2007b . With the present contribution, three marine myxosporean life cycles are known, all involving polychaetes: Ellipsomyxa gobii Køie, 2003 , a member of the 'marine Myxidium clade ' of Fiala (2007) , Gadimyxa atlantica Køie, Karlsbakk et Nylund, 2007 , a member of the 'Parvicapsula clade' and herein C. auerbachi, a member of the 'Ceratomyxa clade'. The sabellid polychaetes are known to act as invertebrate hosts to three members of the 'marine clade', C. shasta, C. auerbachi, and Parvicapsula minibicornis (Bartholomew et al. 1997 (Bartholomew et al. , 2006 , and it is likely that members of this cosmopolitan filter-feeding family play an important role as invertebrate hosts for myxosporeans.
